Avigad and Bernheimer (1) recently reported that hemolysis induced by various bacterial toxins, such as streptolysin 0 and aerolysin, and other lytic agents, such as Triton X-100 and saponin, was inhibited by Zn2+. They proposed that the inhibition by Zn2+ was due to a reversible alteration in the state of the lipid bilayer of erythrocytes (1) .
During the course of our study to confirm the results of Avigad and Bernheimer (1) , in which we used purified thermostable direct hemolysin produced by Vibrioparahaemolyticus (vibriolysin), we found that the inhibitory effect of Zn2+ on hemolysis induced by bacterial toxins and other lytic agents was not universal as reported. In this paper we study the effect of zinc ion on two bacterial hemolysins and one nonbacterial hemolytic agent.
MATERLALS AND METHODS
Preparation of purified vibriolysin. Vibriolysin was isolated from culture filtrates of V. parahaemolyticus WP-1 (RIMD 2210086) and purified by ammonium sulfate precipitation and successive column chromatographies on diethylaminoethylcellulose, hydroxylapatite, and Sephadex G-200; the detailed methods have been reported previously (4) . The purified vibriolysin was demonstrated to be a single protein by sodium dodecyl sulfate-polyacrylamide gel disc electrophoresis, analytical ultracentrifugation, and immunoelectrophoresis.
Preparation of partially purified streptolysin 0. Streptococcus pyogenes RIMD 3126114 (group A, type 3) was cultured without shaking in Todd-Hewitt medium at 37°C for 16 h. The culture filtrate was precipitated by adding solid ammonium sulfate (39.0 gIlOO ml), and the resulting precipitate was applied to a hydroxylapatite column (2.2 by 30 cm) previously equilibrated with 0.1 M phosphate buffer (Na2HPO4-KH2PO4, pH 7.0) containing 3 mg of cysteine hydrochloride per ml. After the column was washed with the above-mentioned buffer, it was eluted with a linear gradient of 0.1 to 0.3 M phosphate buffer containing 3 mg of cysteine hydrochloride per ml. Fractions containing hemolytic activity were used as partially purified streptolysin 0. The hemolytic activity ofthese fractions was lost at room temperature when cysteine hydrochloride was not added, and it was recovered after these fractions were incubated with cysteine hydrochloride at 37°C for 30 min. In this study, the amount of streptolysin 0 that lyses 50% of human erythrocytes (about 8.3 x 107 cells/ml) in 1.5 ml after incubation at 37°C for 30 min was defined as 1 hemolytic unit.
Assay of hemolytic activity. Hemolytic activity was assayed essentially as described previously (7) .
The standard reaction mixture contained 0.9% NaCl, about 8 (2) . N-hydroxyethylpiperazine-N'-2-ethanesulfonic acid-sodium hydroxide (HEPES) buffer was prepared as described by Good et al. (3) .
RESULTS
Inhibition of hemolysis by Zn2+ and Cu2+ induced by vibriolysin, streptolysin 0, and Triton X-100. Table 1 shows the effect of various divalent cations on hemolysis induced by vibriolysin, streptolysin 0, and Triton X-100. The reactions were carried out in isotonic Trishydrochloride-buffered saline, pH 7.2. Confirming the results reported by Avigad and Bernheimer (1), hemolysis by streptolysin 0 and Triton X-100 was inhibited by Zn2+ and Cu2+. Hemolysis by vibriolysin was also inhibited by these cations. In addition, Hg2+ was inhibitory to hemolysis by these hemolytic agents. Ni2+, Co2+, and Cd2+ were slightly inhibitory to hemolysis by the bacterial hemolysins, but did not affect that by Triton X-100. The effect of other divalent cations was rather complicated, some being stimulatory to some hemolytic agents and the others being inhibitory.
Hemolysis by vibriolysin, streptolysin 0, and Triton X-100 in isotonic Tris-hydrochloridebuffered saline was completely inhibited by Zn2+ at concentrations of 0.5 mM or more ( Fig.  1 ). The concentration of Zn2+ inhibiting 90% of the hemolysis was around 0.2 to 0.3 mM, which confirned the results of Avigad and Bernheimer (1). At lower Zn2+ concentrations the hemolysis was somewhat stimulated.
Kinetics of inhibition of hemolysis by Zn2+. The results of Figure 2 show the kinetics of the inhibition of hemolysis by Zn2+ induced by vibriolysin, streptolysin 0, and Triton X-100 in isotonic Tris-hydrochloride-buffered saline buffer. Under the experimental conditions used, hemolysis by vibriolysin reached a plateau at about 40 to 60 min ( Fig. 2A) . When 1 mM Zn2+ was added at either 5, 10, or 20 min after incubation was started, the absorbance at 540 nm immediately decreased to an almost negligible level. Further incubation did not result in any significant increases in absorbance at 540 nm. Similar results were obtained when streptolysin 0 (Fig. 2B) and Triton X-100 (Fig.  2C) were used as the hemolytic agents. These results suggest that the inhibition of hemolysis by Zn2+ induced by these hemolytic agents is not a real inhibition of the hemolytic reaction. For comparison, inhibition by ethylenedia- Fig. 4A . Surprisingly, however, we found that osmotic lysis was inhibited by Zn2+ under certain conditions. Osmotic lysis in certain buffers, such as Trishydrochloride, boric acid-borax, HEPES-sodium hydroxide, and barbital, was inhibited by Zn2+ (Fig. 4) Effect of Zn2+ on hemolysis by vibriolysin, streptolysin 0, and Triton X-100 in phosphate buffer. Hemoglobin released from erythrocytes was not precipitated in phosphate buffer (Fig. 4 INFECT. IMMUN. and 5). Thus, the effect of Zn2+ on hemolysis by vibriolysin, streptolysin 0, and Triton X-100 was investigated in phosphate buffer. Hemolysis by streptolysin 0 was inhibited by Zn2+, whereas that by vibriolysin and Triton X-100 was not (Fig. 6 ).
DISCUSSION
The results presented in this paper show that the mode of inhibitory action by Zn2+ ofhemolysis induced by various bacterial and other cytolytic agents is not universal. Avigad and Bemheimer (1) studied the effect of Zn2+ and proposed that inhibition of Zn2+ occurred by a reversible alteration in the state of the lipid bilayer of erythrocytes membranes. But this proposal was based on their finding that inhibition of hemolysis by Zn2+ is universal to various bacterial and other cytolytic hemolysis.
The present study demonstrates that in certain buffers, such as Tris-hydrochloride, boric acid-borax, HEPES-sodium hydroxide, and barbital, hemoglobins released from erythrocytes are easily precipitated by the mere presence of Zn2+. In view of our finding that hemoglobin is precipitated in the Tris-hydrochloride buffer used by Avigad and Bernheimer (1), additional experiments with the various hemolytic agents that they studied, using a buffer that does not cause hemoglobin precipitation, should be done to determine the possible effect of Zn2+ on the hemolytic activity of various vestigated, since these workers used barbital buffer to study the inhibition by Zn2+. Oberly and Duncan (6) studied the hemolytic reaction induced by streptolysin 0 in phosphate buffer and reported that the hemolytic process of streptolysin 0 consists of at least two steps:
(i) adsorption of the toxin to erythrocyte membranes and (ii) the step(s) after adsorption. They demonstrated that the latter step was inhibited by divalent cations, such as Ca2+ and Mg2+. Our results did not show any significant inhibition by these cations of the hemolysis induced by streptolysin 0 (Table 1 ). The discrepancy is probably due to a difference in the concentration of cations used; we used 1 to 5 mM concentrations, whereas Oberly and Duncan (6) used much higher concentrations (20 to 200 mM).
The results in Fig. 6 show that Zn2+ inhibited hemolysis by streptolysin 0. It is clear that this inhibition is not the inhibition due to precipitation of released hemoglobins. Preliminary experiments in this laboratory show that Zn2+ might inhibit the binding of streptolysin 0 to erythrocytes membranes.
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